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(71) We, TOYOTA JIDOSHA 
KOGYO KABUSHIKI RAISHA, a cor- 
poration organised and existing under the 
laws of Japan, of 1, Toyotacho^ Toyota-shi, 

5 Japan, and NIPPONDENSO KABUSHIKI 
KAISHA/ a corporation organised and exist- 
ing under the laws of Japan, of 1, 1-chorae, 
Showa-cho, Kariya-shi, Aichi-ken, Japan, do 
hereby declare the invention for which we 

10 pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by die 
following statement: — 
This invention relates to anti-skid braking 

15 systems for vehicles. 

Locking of the wheels of a vehicle may 
result if the torque derived from the friction 
force developed between the brake drum and 
the brake shoes urged thereagainst when sud- 

20 dcnly braking the vehicle (hereinafter 
referred to as brake torque BT) becomes 
large compared to the torque about the center 
of the wheel due to the force of reaction 
exened by the ground surface in contact witii 

25 the wheel tire (hereinafter referred to as 
tire torque TT). 

It has been found that the coefficient of 
friction /i between the wheel and the road 
is related to the slip factor S for the wheel 

30 as generally shown in Fig. 1. The slip factor 
S is defined as 

S = (S B S w)/ Sb, 

where Sb is the speed of the vehicle body S^ 
is the speed of the vehicle wheels. The fric- 

35 tion coefficient ^ or the absolute value of the 
lire torque TT varies widely in dependence 
upon the road state j they are large for a dry 
asphalt-puaved road, for example, and small 
for a. frozen road. Therefore, it involves 

40 extreme technical difficulty to determine the 
friction coefficient yu and the slip factor S 
regarding the road, on which the vehicle is 
being accelerated, d irecdy firom the vehicle. 



Accordingly, much effort has been paid to 
provide what can substitute for the friction 45 
coefficient /x or slip faaor S in order to be 
always able to provide ideal control of the 
brake torque without causing locking of die 
wheels on any road of whatever friction 
coefficient p., 50 

The effects of the anti-skid braking systems 
heretofore proposed resolve on reducing the 
vehicle speed without causing locking of the 
wheels when brakmg the vehicle. In many 
conventional anti-skid braking systems, the 55 
actual wheel deceleration is mechanically or 
electrically detected, and as soon as the actual 
wheel deceleration exceeds a preset reference 
value the brake torque BT is forcibly 
reduced^ irrespective of whether the driver 60 
acts to reduce the brake torque on the wheels, 
thereby preventing locking of the wheels and 
resultant loss of control of the vehicle. 

In these conventional systems, however, the 
detected peripheral wheel deceleration has no 65 
bearing upon the friction coefficient p. or slip 
factor S regarding the road, on which die 
vehicle is bemg braked. Therefore, the ideal 
control of die brake torque may be attained 
on a road of a certain friction coefficient 70 
while it may not on a road of a different fric- 
tion coefficient, thus, the wheels would 
occasionally lock while the vehicle body is 
still moving and sometimes the brake torque 
would be excessively reduced resulting in an 75 
extremely long braking distance. such 
cases, the merit of the anti-skid system dis- 
appears. . 

According to the present invention there is 
provided an anti-skid braking system for a 80 
vehicle, including lock detection means to 
produce a brake torque reduction signal by 
detecting the state of a wheel of the vehicle 
tending to lock, and a brake torque regulating 
means to control a brake torque in response 85 
to said brake torque reduction signal from 
said lock detection means, said lock detection 
means comprising: 
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an actual wheel speed voltage generator f«r. 
generating on actual wheel speed voltage pro- 
portional to an actual wheel speed; 
a reference wheel speed voltage generator 
5 connected in circuit with said actual wheel 
speed voltage generator, for generating a 
reference speed voltage, said reference wheel 
speed voltage being one of voltages including 
an initial voltage lower than said actual 
10 wheel speed voltage by a predetermined value, 
a first reference deceleration voltage and a 
second reference deceleration voltage, and 
said reference wheel speed voltage b^g 
switched from said initial voltage to said first 
15 reference deceleration voltage at the insmt 
. when the rate of decrease of said actual wheel 
speed exceeds a predetermined value; ^ ^ 
a differential amplifier connected in curcuit 
with said actual wheel speed voltage generator 
20 and said reference wheel speed voltage 
generator, for producing said brake torque 
reduction signal while said reference -wheel 
speed voltage is higher than said actual wheel 
speed voltage; and . . . , .j 

25 means connected in circuit with said 
actual wheel speed voltage generator 
and said differential amplifier, for 
generating an output signal, said out- 
put signal functioning to maintain 
30 said first reference deceleration voltage when 
the brake torque reduction signal from said 
differential amplifier has been terminated and 
also functioning to switch said first reference 
deceleration voltage to said second reference 
35 deceleration voltage according to the State of 
increase of said actual wheel speed voltage 
after the terminatioii of said brake torque 
reduction signal. 
The invention will now be further des- 
40 cribed by way of example with reference to 
the accompanying drawings, in which: 

Fig. 1 shows an example of the well-known 
fi'S characteristic relation between the road- 
wheel friction coefladent }i and the slip 
45 factor S; . 
Fig. 2 schematically outlines, partly in 
sectional views, an embodiment of the anti- 
skid system for vehicles according to the 
inventioni 

50 Fig. 3 is a circuit diagram showing an 
example of the lock detection means in the 
anti-^d system shown in Fig. 2; ^ 

Fig. 4 shows waveforms used in describ- 
ing the operation of the embodiment shown 

55 inFig.2i _ 

Fig. 5 is a circuit diagram showing another 
example of the lock detection mtans in die 
anti-skid system according to the invention; 
and 

60 Figs. 6 and 7 shows wavegrams used m 
describing the operation of the embodiment 
- shown in Fig. 5. ; 

The operational principles underlymg the 
invention will now be described in connec- 
65 tion with a mode of operation with reference 



to graphs (A) and (B) in Fig. 4. In the 
Figure, the abscissa represents time t and 
the ordinate represents actual wheel speed 
a and reference wheel speed p in graph (A) 
and brake torque BT and tire torque TT 70 
in graph (B). In the preferred mode of opera- 
tion there are provided two preset reference 
wheel decelerations, a higher value Gj and a 
lower value G.. The reference wheel speed _ 
B is made to be lower than the actual wheel 75 
speed a by a constant value V when the 
vehicle is travelling under the normal driving 
condition or without application of braking 
pressure, that is, when the brake torque BT 
is zero. Upon application of the brake torque 80 
to the wheels at time tj, tlie actual wheel speed 
a begins to decrease. The reference wheel 
speed B is kept lower than the actual wheel 
speed by V until the actual peripheral 
deceleration of the wheels reaches the 85 
reference wheel deceleration Gi. From time 
tj, at which the actual peripheral deceleration 
of the wheels reaches the reference wheel 
deceleration Gi, the reference wheel speed 
fi is made to deaease at a rate correspondmg 90 
to the reference, wheel deceleration Gi. The 
brake torque BT is increased until the actual 
wheel speed a gets lower than the reference 
wheel speed p at time t,, whereupon it begins 
to be decreased, as in seen from graph (B) 
in Fig. 4. As a result, the actual wheel speed 
a subsequendy begins to increase at time ti. 
At time to, at which the acmal wheel speed a 
exceeds the reference wheel speed ft the brake 
torque BT turns to increase- Witii further 100 
maease of the actual wheel speed a, it 
becomes above the reference wheel speed p 
by just V at time tg. At this time, the relation 
between the reference wheel speed ^ and 
actual wheel speed « becomes the same as it 105 
previously existed up to time tn. With further 
increase in the brake torque BT the actual 
wheel speed a eventually begins to decrease. 
If the actual wheel speed a increasing, that 
is, if the wheels are being accelerated, at a 110 
time a predetermined time T after time t^, 
during which time the brake torque BT is 
continuously increasing, the reference 
deceleration is switched to the lower preset 
value G2. On the other hand, if the actual 115 
wheel speed <t is decreasing, that is, if the 
wheels are being decelerated, at the time in 
question, the higher preset value G, is 
retained as die subsequent reference decelera- 
tion. In this manner the determination of a 120 
suitable reference deceleration is repeatedly 
effected at each of the repetitive times a 
predetermined time after the start of the 
increase of the brake torque BT. The afore- 
mentioned predetermined time T may be 125 
appropriately determined by taking the rate 
of increase of the brake torque BT into con- 
sideration. . 

With the above mode of operation the 
braking of the wheels can be controlled with 130 
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respect to a point near the peak X of fi-S 
curve shown m Fig. 1 to achieve the end of 
the anti-skid action. Thus, the locking of the 
wheeb may be prevented as well as minimiz- 
5 ihg the braking distance, thereby preventing 
loss of control of the vehicle, so that the 
vehicle can be stopped safely. 

In the preceding description, there are 
adopted two preset values, namely a higher 

10 value Gi and a lower for the reference 
deceleration. In general, a plurality of pre- 
set values may be adopted for the reference 
deceleration, so that the reference decelera- 
tion may be switched to the next lower preset 

15 value if the wheels are being accelerated at 
an interval T after re-increasing the brake 
torque BT having been once decreased, while 
switching to the nesct higher preset value if 
the wheels are being decelerated at the time 

20 in question. In this manner the same end 
may be achieved. 

The same end may also be achieved with- 
out having resort to the reference wheel speed 
J5, so long as the braking is controDed to 

25 increase the actual wheel speed a if the 
wheels are being accelerated at an interval T 
after reincreasing the brake torque BT and 
decrease the actual wheel speed, if the wheels 
are being decelerated at the time in question. 

30 The reason why the tire torque TT can 
be controlled with respect to a point near 
the peak X oi ji-S curve shown m Fig. 1 with 
the above action will now be discussed. 

There is a relation between the brake 
torque BT applied to the wheels and the tire 
torque TT as expressed by the equation 

BT=TT+M, 

where M is the torque due to the momentum 
of the wheels. The equation means that the 

40 difference between the brake torque BT and 
the tire torque TT is proportional to the 
deceleration or acceleration of tiie wheels. 
The mode of operation described above thus 
can be illustrated in terms of the brake 

45 torque BT and tire torque TT, as shown in 
Graph (B) in Fig. 4. As is seen, when the 
brake torque BT is greater than the tire 
torque TT the wheels are being, decelerated, 
whereas when the brake torque is less than 

50 the tire torque the wheels are being acceler- 
ated. When the brake torque BT begins to 
develop at time t„ the actual wheel speed a 
starts to decrease. The tire torque TT also 
begins to develop a function of the actual 

55 wheel deceleration. The tire torque TT 
increases as a function of the slip faaor S as 
indicated by the arrow a in Fig. 1. As soon 
as the actual wheel speed « gets lower than 
the reference wheel speed ^ as at time tg, 

60 the l)fake torque BT begins to decrease. The 
actual wheel speed <r continues to decrease 
until time to and the tire torque TT increases 



in the direction of arrow a witJi respect to the 
TT-S curve of Fig. 1 until mstant t^. With 
decreasing brake torque BT the actual wheel 65 
speed a begins to increase as at time t^. As 
soon as the actual wheel speed a exceeds the 
reference wheel speed jS as at time t., the 
brake torque BT commences to increase^. The 
wheels continue to be accelerated from time 70 
ts until time t^. During this period the tire 
torque TT changes in the .direction shown 
by an arrow b along the TT-S curve in Fig. 
1, and sharply decreases after reaching the 
peak X. If the slip factor S is high at time 75 
the tire torque TT will not readily decrease 
in spite of the reduction of the brake torque 
BT, resulting in a relatively loug period from 
time to to time t^. The fact 'that the wheels 
are still being accelerated at a predetermined 80 
interval T after the reincreasing of the brake 
torque BT means that the slip factor S at 
time ta is higher than the value at the peak 
X of the /i-S curve. Hence, the subsequent 
reference deceleration should be set to a lower 85 
value to reduce the deceleration of the actual 
wheel speed a so as to reduce the shp factor 
S. On the other hand, the .slip factor S at 
time tio is low so that the tire torque TT is 
also decreased, with a result that the interval 90 
from time tio when the bralce torque is again 
increased to time tu when the wheel speed 
begins to decrease is relatively short. There- 
fore, the subsequent reference deceleration 
should be set to a higher value to increase 95 
the rate of decrease of the actual wheel speed 
a, thereby increasing the slip factor S. The 
mode of operation described above is related 
to the difference between the brake torque 
BT and tire torque TT, i.e., die acceleratfon 100 
and dccclerauon of the wheels, but does not 
have any direct bearing upon the absolute 
value of die tire torque TT. 'in this mode of 
operation, the tire torque TT is controlled 
so as to bring the slip factor S closer to the 105 
peak X of the /i-S curve of Fig. 1, so that 
an ideal anti-skid control may be achieved on 
a road surface of any friction coeflScient. 

To summarize therefore, the reference 
deceleration to modify the reference wheel 110 
speed is varied depending on whether the 
wheels arc being accelerated or decelerated at 
a predetermined interval after the released 
brake torque is again exerted so as to bring 
the slip factor closer to the peak X of the 115 
/i-S curve of Fig. 1, so that an ideal bralce 
torque without causing locking of the wheels 
may always be applied to the wheels. 

A preferred embodiment of the system to 
realize the aforedcscribed mode of operation 120 
according to the invention is outlined in 
Fig. 2. Referring to the Figure, reference 
numeral 10 designates a wheel with a wheel 
tire 11, a brake drum 12, brake shoes 13 and 
a wheel cylinder 20 to provide hydraulic 125 
pressure forcing the brake shoes 13 against 
the brake drum 12. Numeral 30 designates a 
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master cylinder to produce bydrauUc pres- 
^coSesponding to the posiuoa of Ae 
So F^40. NLerd 50 des gnates % DC 
Orator provided to the wheel 10. It con- 
5 S[« a wheel speed voltage gep^^t^?" 
Srate a DC voltage correspondmg to the 
S periphera.1 speed of the wh'el W 
S^einafter referred to merely as^ die^acwa 
ShLl speed voltage). Numeral 60 de .^f « 
10 a control ckcuit receiving Ae actual w^^^^^ 
ffleed voltage produced by the DC geaerawr 
- fn Tr Deduces, upon detection of a sharp 
Le se"^ of a^al wheel speed voltage 
tSns that the wheel 10 is mdined to 
IS WW br^e torque reductioa signal for 
oSblJ redtdng X brake torque (hereu,- 
S? efeSed to merely as a reducoon signa^) 
Sether the driver intends lO icd'ice ihe br^ e 
Trque or not. Thus, the DC g«^^°' f 

Sec^rtarK-raHnS^^^^^^ 
S eaway ^itch-over electromagnetic valve 

25 iecdons or compartments 73 and 74 The 
!!,rnnnrtffient 73 communicates with the 
Ssp^Sfvia a passage 75, while ^ <ot^ 
omment 74 commumcates both with an 
fStobe 80 of the engine mounted on ±e 

30 vSe^ a passage 76 to =^ ^^e 

S'^^l'be'desV ^-/^fSd^: 
Sr passage 77. A piston rod 78 ued^to 

35 the Pif-^^,r^^^fL«ol'St 
^P^^y xedSn signal ^e 79 
J^i^ereized to attract lhe piston 72 towaras 
I S S d^Sromagnetic force of at^cuon 
40 so is to displace the piston to a position 
^ tadi^tS by token lines, thus cutmigcom- 

S^cation between 4e, 
rSe causing commumcation between pas 
Ie2 77 aid 75. The brake torque regulating 
45 S 9o'ha8two.«mp« 93^^^^ 
ri^finpfi bv a casing 91 and a cuapnragui 
5? with^tht c^partment 93 commumcat- 
L^wTa the mtake tube 80 and tiie compart- 
^fnr94 communicating with the compw^- 
50 S ?4 of the thr^-way f -|^over^S 
S ispos^ within the 

contact with a valve member 9to A vaivc 
rort 966 defines compartments 97a and 97J. 
^ A spring 98 provides a force, urging the 

60 vaheSer96'a into confer wkh^e 
nnrf <^f^h The compartment 97a commum 

- ■Sw1^^fwhedcy^^20^a^^^ 
oQ/r while the compartment y/o comuiuw* 
2^ wl tfe mast^ .cylinder 30 via a p^ 

65 sage 996. Arrow A indicates the hydraulic 



path communicating with the other wheel 

'IStp^erSn^r^e absence of the reduc- 
tion sfrnal of &e control circuit 60 the piston 
72 is te^d in its position shown by die solid 70 
Unef to^Fig. 2. When the piston 72 is m 
SfpSitioi the engine intake negative pres- 
Sie °n the intake tube 80 is led mto the 
^mpa^ent 74 of the three-way switch- 
over electromagnetic valve m*^/ JO and 75 
Sence into the compartment 94 of die brake 
Smue regulating means 90. The _ engine 
S ake negW pressure is also led mto the 
S-mpai^ent 93 of the brake torque regulat- 
ins means. In this state, the pressure in fte 80 
comSttments 94 and 9? is umform, and Je 
S member 96a is held d«ac±cd from Ae 
vrivc port 966 since it is di^laced agamst 
Se spring force of die spring 98 by the spnng 
toce of the spring 926, wWch ako iirgmg 85 

Z diaphragm 92a to displace 
diaphragin towards the comparunent 94, 
Cgh Ae piston 95 and the valve actuat- 
Zs r^d 55ft Thus, in this state the compart- 
mra" 97d and 976 are communicatmg with 90 

oS to hold the master cylinder 30 m 
SSn^unication with the wheel .^Imder 20 
via the compartments 97« and 976, so that 
Se hydraulic pressure developed in ^e 
^er cylinder 30 in accordance widi the 95 
™d S depression of the brake pedal 40 
S^cdy trLmittcd to the wheel cyhnder 
ZO^^S^vide for the normal braking acuon^ 
men the reduction signa appears form Ae 
conwl circuit 60, the electromagnetic coil 100 
79^ the three-way changeover electro- 
nwgnetic valve means 70 is energized, and 
^ the resultant electromagnetic force of 
aLaSion Uie piston 72 i. brought to le 
Son shown by the broken lines in Fig. 2 105 
Sus cutting communication between the 
Sages 76lid 77 while providmg the com- 
muniaition between the passages 77 and 75. 

result, atmospheric pressure is mtroduced 
too AecU««^«»t 94 of the br^ torque 110 

Kc^ating means 90, so that die diaphragm 
92a is (Ssplaced against the sprmg force of 
the spring 926 towards the compartment 93, 
S wU die engine intake negaave p^^^^^ 
is prevaUing, thus displacmg the P»ston 95 115 
Sid detachSg die valve actuating rod 95a 
fwm Ae valve member 96a In consequence^ 
L valve member 96a is urged mto contact 
whh the valve port 966 by tiie sprmg force 
ofibz spring 98, cutting t^e «)nmim^anon 120 
between the compartments 97a and 976 and 
hence the communication between the master 
^der 30 and the wheel cyUnder 20. Al^, 
at this time owing to the displacement of the 
piston 95, to an extra extent tiie volume of 125 

compartment 97a separated from the 
compartment 976 is increased to reduce Ae 
Kulic pressure in the wheel cylmder 20 
in communication with die compartment 97a. 
S ^Aove manner, when the wheel becomes 130 
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inclined to locklEe brake torque applied to 
to the wheel may be foxdbly reduced 
whether die driver intends to reduce the brake 
torque or not^ thus automatically preveating 
5 the locking of the wheel. 

The lock detection means, . consisting of 
the DC generator 50 and the control circuit 
6O3 is shown in detail in Fig. 3. Referring to 
the Figure, numeral 50 designates the DC 
10 generator mentioned earlier, which is coupled 
to the wheel axle and constitutes a wheel 
speed voltage generator to generate an actual 
wheel speed voltage corresponding to the 
actual wheel speed. Such arrangements as an 
15 AC generator combined with a rectiiier or a 
pulse generator combined with a digital- 
analog convener may be substituted for the 
DC generator 50. The actual wheel speed 
voltage of the DC generator 50 is applied 
20 across a capacitor 101 to charge the same. 
A diode 102 serves to prevent the reverse 
flow of charge accumulated in the capacitor 
101 passing into the DC generator 50. The 
capacitor lOr can be discharged through the 
25 collector-emitter path of a transistor 103. 
The time constant for die discharging of tbe 
capacitor 101 is set such as to provide a 
predetermined reference deceleration, for 
instant 1.0 G (G means gravitational 
30 acceleration). Thus, the terminal voltage 
across the capacitor 101 (hereinafter referred 
to as reference wheel speed voltage) repre- 
sents the reference wheel speed decreasing 
at a predetermined rate, i.e. the reference 
35 deceleradon. Resistors 104 and 105 deter- 
mine the base current, and hence the col- 
leaor current, in the transistor 103. In other 
words, they determine the time constant for 
the discharge of the capacitor 101 and hence 
40 the reference deceleration. Diodes 106 and 
107 serve to prevent the mutual interference 
of currents through the resistors 104 and 105. 
The capacitor 101, diode 102, transistor 103, 
and resistors 104 and 105 constimte a 
45 reference wheel speed voltage generator. 
Numeral 108 designates a first differential 
amplifier. It compares the actual wheel speed 
voltage across the DC generator 50 and the 
reference wheel speed voltage across the 
50 capacitor 101. It provides the reducdon sig- 
nal when the former gets lower than the 
latter, the reduction signal disappears when 
the former exceeds the latter. Numeral 109 
designates a power amplifier to power amplify 
55 the reduction signal from the differcndal 
amplifier 108 so as to provide output signal 
power sufficiently high to operate the three- 
way electromagnetic valve means 70 by 
energizing the electromagnetic -coU, 79 
60 thereof. A series connection of a .resistor 111 
and a capacitor 110 is connected across the 
DC generator 50. It constitutes a differ- 
entiating circuit to derive the time differ- 
ential of the actual wheel speed, that is, the 
65 acceleration or deceleration of the wheels. In 



other words, it discriminates whether^ the 
wheels are being accelerated or decelerated. 
Numeral 112 designates a second differential 
amplifier. It compares the output potential 
of the differentiating circuit, which comprises 70 
the capacitor 110 and resistor 111 and 
differentiates the actual wheel speed voltage 
of the DC generator 50 with respect to time, 
with zero potential It provides positive out- 
put voltage of B volts if the output of the 75 
differentiating circuit is positive, that is, the 
acceleration signal, and zero or negative out- 
put voltage if the output of the differentiating 
circuit is negative, that is, the deceleration 
signal. In this embodiment the source volt- 80 
age is B volts. An integrating circuit con- 
sisting of a resistor 113 and a capacitor 114 
constitutes a timing circuit. A transistor 132 
shon-circuits the capachor 114 during the 
presence of the reduction signal at the ii^5ut 85 
of the differential amplifier 112 and it is 
cut off with the disappearance of the reduc- 
tion signal, whereupon the acceleration signal 
appears at the input of the differential 
amplifier 112, which thereupon produces an 90 
output voltage of +B volts. If the accelera- 
tion signal continues beyond a period^ for 
instance 100 msec, depending upon both the 
time constant of the circuit consisting of 
resistor 113 and capacitor 114 and the zener 95 
voltage of the consmnt-voltage diode 115, 
current is supplied through the constant- 
voltage diode 115 into the base of the tran- 
sistor 116 to Uigger the transistor 116, On 
the ctiier hand, if the accelerataion signal 100 
disappears before the termination of the pre- 
determined period, the charge accumulated 
on the capacitor 114 is discharged upon the 
disappearance of the acceleration signal 
through the diode 117 and a path inside the 105 
differential amplifier 112 leading to ground. 
In eitiier case, the condition for providing 
the afore-said predetermined period is 
recovered upon the disappearance of the 
acceleration signal, and thereupon it becomes 110 
valid for the next appearance of the acceiera- 
-tion signal at the input of the differential 
amplifier 112. Transistors 118, 119 and 120 
cooperate with the transistor 116 to provide 
for the switching of time constants to be 115 
described hereinafter. If the acceleration sig- 
nal continues beyond a predetermined time 
interval after the disappearance of the 
reduction signal, the transistor 116 is trig- 
gered upon termination of the afore-said 120 
predetermined time interval, thereupon cut- 
ting off the transistor 118 to impress the 
source voltage of B volts upon the base of 
the transistor 119, thus triggering the 
transistor 119 .to charge the capacitor 121 123 
with the source voltage of +B volts. As soon 
as the terminal voltage built up across the 
capacitor 121 exceeds the cut-off base volt- 
age for the transistor 120, the transistor 120 
is triggered. Upon the triggering of the 130 



transistor 120 the current having previously 
aown through the resistor 105 into the base 
of the transistor 103 begins to flow through 
the collector-emitter path of the transistor 
5 120. Thus, the base current passing into ttie 
transistor 103 is reduced to only the current 
through the resistor 104. As a result, the 
collector current in the transistor 103 is 
reduced to increase the time constant for the 
10 discharging of die capacitor 101. In this 
manner, the reference wheel decclerauon to 
modify the reference wheel speed may be 
shifted from the mitial preset value of 1-0 Or, 
for instance, (hereinafter referred to as first 
15 reference deceleration) into a second preset 
value lower than the first, for mstant 0^ G. 
After the cutting-off of the transistor 119 the 
discharging current from the capaator 121 
flows into the base of the transistor 120, so 
diereafter the transistor 121 continues on 
for a predetermined period depending upon 
tlr time constant for the circuit of capacitor 
121 and resistor 122. Upon the termination 
of the above period the transistor 120 is cut 
25 ofi thus re-shifting the reference wheel 
deceleration from the second preset value of 
0 2 G into the first preset value of 1.0 Cj. 
The transistors 116, 118, 119 and 120, the 
capacitor 121 and a reduction signal hold 
30- circuit to be described hereinafter constimte 
a time constant setter circuit. A capaator 123 
and a resistor 124 constitute a dif erentiatmg 
circuit, whose output is amplified by an 
amplifier 125. The amplifier 125 together 
35 with the differentiating circuit consistmg ot 
capacitor 123 and resistor 124 serves to pro- 
vide a positive pulse signal upon dis- 
appearance of the reduction signal from the 
d^eiential amplifier 108. The positive pulse 
40 is impressed on the base of a transistor 126 
to trigger the transistor 126 so as to rapi^y 
discharge the capacitor 121 through the 
coUector-cmitter path the second preset value 
of 0.2 G into the first preset value of 1.0 G. 
45 The reduction signal hold circuit mennoned 
earlier comprises transistors 127, 128 and 
129. Without this circuit, the transistor llo 
will" be triggered prior to the appearance of 
the reduction signal for the first time. This 
50 may take place as a result of the usual 
acceleration or deceleration of the wheels, it 
this happens, the transistor 118 is tnggered 
to cause the sotirce voltage of +B volts to 
appear across the capacitor 121, thus switch- 
55 ing the first reference wheel deceleration for 
the reference wheel speed into die second 
reference wheel deceleration of 0.2 G. T^e 
reduction signal hold . circuit eliminates the 
inconvenience that the first reference wheel 
60 deceleration is otherwise switched mto the 
second reference wheel deceleration pnor to 
' ■ the appearance of the first reduction si^ai. 
The transistors 127 and 118 are adapted to 
constitute an AND circuit. If the differential 
65 amplifier 108 produces the reduction signal 



as a result of increasing of the acmal wheel 
deceleration beyond the fint reference 
deceleration of 1.0 G, the reduction signal is 
impressed on the base of the transistor 129 
to trigger the transistor 129, thus causing the 70 
charging of the capacitor 130 with the source 
volmge of +B volts. As soon as the terminal 
voltage aCTOSS the capacitor 130 exceeds the 
base cut-ofE voltage for the transistor 128, 
the transistor 128 is triggered to cut off the 75 
transistor 127. After the cutiing-ofi the tran- 
sistor 129 with the disappearance of the 
reduction signal, the charging current from 
the capacitor 130 flows into the base of 
transistor 128, so thereafter the transistor 128 80 
continues "on" for a, prcdetermmed period, 
for instance 0.5 sec, depending upon the time 
constant for the circuit of capacitor 130 and 
resistor 131 to hold the transistor 127 "off" 
for this period. Thus, only when both the 
transistors 118 and 127 are simultaneously 
-off", the transistor 119 is triggered to 
trigger the transistor 120. In other words, if 
the transistor 127 is " on upon the trigger- 
ing of the transistor 118 current is caused not 
to flow into the base of the transistor 119, 
but to flow through the collector-emitter path 
of the transistor 127, so that the transistor 
119 will not be triggered. In this case, the 
reference wheel deceleration to modify the 95 
reference wheel remains at the first preset 
value of 1.0 G. For the reference wheel 
deceleration to be shifted from the first pre- 
set value of 1.0 G into the second preset 
value of 0,2 G, the acceleration signal enter- 100 
ing the differential amplifier 112 should 
continue after the disappearance of the 
reduction signal at least for a predetermined 
time interval. It will thus be apparent that 
the shifting into the second reference wheel 105 
deceleration never results from the usual 
acceleration or deceleration of the wheels. 

The operation of the lock detection means 
described above will now be described with 
reference to Graphs A, B, C, D, E and F of HO 
Fig. 4. In ±e Figure, the abscissa is com- 
monly taken for time t in aE the graphs, 
and the ordinate represents actual wheel 
speed ^ and reference wheel speed fi in 
Graph A, brake torque BT and tire torque 115 
TT in Graph B, reduction signal appearing 
from the differential amplifier 108 in Graph 
C, acceleration signal entering the differential 
amplifier 112 and indicating that the actual 
wheel speed a is increasing in Graph D, 120 
terminal voltage across the capacitor 121 in 
Graph E, and reference wheel deceleration 
with the first and second preset values of 
1.0 G and 02 G in Graph F. 

During the normal driving of the vehicle, 125 
the actual wheel speed voltage of the DC 
generator 50 is applied through the diode 
102 to the capacitor 101 to charge the 
capacitor 101. The terminal voltage 
developed across the capacitor 101 con- 130 



stitutes the reference wheel speed voltage. 
The reference wheel speed, yoltage is lower 
than the actual vehicle speed voltage by the 
forward voltage drop across the diode 102 

5 (corresponding to V in Graph A of Fig. 4). 
In this situation the differential amplifier 108 
will not provide the reduction signal Upon 
application of the brake torque at tj, the 
wheels stan to be decelerated. As soon as 

10 the actual wheel deceleration exceeds the first 
preset value, 1.0 for instance, of the reference 
wheel deceleration, the capacitor 101 starts 
to be discharged at a rate constituting the 
first preset deceleration of 1.0 G. The ter- 

15 minal voltage across the capacitor 101 at time 
ti affords the reference wheel speed voltage. 
At time U the actual wheel speed voltage 
derived from the DC generator 50 gets lower 
than the reference wheel speed voltage across 

20 the capacitor 101, whereupon the dSerential 
amplifier 108 produces the reduction signal 
(positive signal), as shown in Graph C of 
Fig. 4. The reduction signal thus produced is 
amplified by the power amplifier 109 for 

25 application across the electromagnetic coil 
79 of the three-way electromagnetic valve 
means 70, thus causing the action of the 
brake torque regulating means 90 to reduce 
the hydraulic pressure in the wheel cylinders 

30 and hence reduce the brake torque BT 
applied to the wheels. As a result, the actual 
wheel speed a be gins to increase by virtue 
of the tire torque TT exerted to the wheels 
by the road surface in contact with the wheels 

35 owing to the thrust momentum of the vehicle. 
After time tj, ±at is, after the appearance of 
the reduction signal, however, the actual 
wheel speed « continues to decrease until 
time because of the delay involved in the 

40 action of the three-way electromagnetic valve 
means 70 and the brake torque regulating 
means 90. The hydraulic pressure in the 
wheel cylinders will not be reduced to zero 
immediately after appearance of the rcduc- 

45 tion rate. Simultaneously with the rise of the 
actual wheel speed « in the presence of the 
reduction signal the actual wheel speed volt- 
age begins to increase at time t^. The reduc- 
tion signal from the differential amplifier 108 

50 continues until the actual wheel speed voltage 
exceeds the reference wheel speed voltage at 
time tj, whereupon it disappears. It continues 
so long as the actual wheel speed voltage is 
lower than the reference wheel speed voltage. 

55 Upon the disappearance of the reduction 
signal, a negative pulse voltage appears on the 
non-gromded side of the resistor 124 of the 
differentiating circuit, which consists of the 
resistor 124 and the capacitor 123, causing 

60 the amplifier 125 to provide a posidve output 
pulse to the transistor 126 to trigger the tran- 
sistor 126. Upon the triggering of the tran- 
sistor 126, the capacitor 121 is rapidly dis- 
charged through the collector-emitter path 

65 of the transistor 126^ if a charge has pre- 



viously been stored on the capacitor 121. As 
is described earlier, if the value of the slip 
factor S is considerably high at time to com- 
pared with the peak X of the /x-S curve of 
Fig. 1, it takes a long time until the slip 70 
factor S is reduced to a value corresponding 
to the peak X, that is, it takes a long time 
until the actual wheel speed a begins to 
decrease. In other words, with a high value 
of the slip factor S the period of charging 75 
of the capacitor 101 is long as a result that 
the voltage developed across the capacitor 
101 during this period are low. Thu.s if the 
slip faaor S is high at time ts, the accelera- 
tion signal appearing at the input of the 80 
differential amplifier 112 upoii disappearance 
of the reduction signal continues longer than 
the predetermined time interval T (for 
instance, 100 msec.) depending upon both 
the time constant of the circuit consisting of 85 
resistor 113 and capacitor 114 and the zener 
voltage of the constant-voltage diode 115, as 
shown in Graph D in Fig. 4. Upon termina- 
tion of the time interval T at which time the 
transistor 132 is akeady "off", current is 90 
caused to pass through the constant-voltage 
diode 115 to the base of the transistor 116 
to trigger the transistor 116 and cut off the 
transistor 118. Meanwhile, the transistor 127, 
which is cut off upon appearance of the 95 
reduction signal, remains "off" for a pre- 
determined time (for instance, 500 msec.) 
depending upon the time constant of the 
circuit of capacitor 130 and resistor 131, as 
mentioned earlier. With the time interval T 100 
from the time of rismg-up of the actual 
wheel speed until the cutting-off of the tran- 
sistor 118 set to 100 msec, the transistor 118 
is cut off while the transistor 127 is still 
"off'\ Thus, the capacitor 121 is charged 105 
as shown in Graph E in Fig. 4. Upon charg- 
ing of the capacitor 121, the first reference 
wheel deceleration of 1.0 G accounting for 
die reference wheel speed is shifted to the 
second preset value 0.2 G, as shown in 110 
Graph F in Fig. 4. The second reference 
deceleration thus shifted continues until the 
time tio, at which time the reduction signal 
having appeared at time tg disappears. 

Subsequently, if the value of the slip faaor 115 
S at time tjo is very close to the value corres- 
ponding to the peak of the /a-S curve of Fig. 
1, it takes a short time until the acmal wheel 
speed turns to decrease. With a value of 
the slip factor S closer to the peak X at tjo, 120 
the subsequent rising of the actual wheel 
speed 4x is more gradual and ends in a shorter 
time. Consequently, the duration of the 
acceleration signal entering the differential 
amplifier 112 is shorter than the predeter- 125 
mined time interval T as shown in Graph 
D in Fig. 4. In this case, the first preset value 
1.0 G of the reference wheel deceleration is 
not shifted to the second preset value 
02 G, 130 



1,319,268 



In the above embodiment, tiie discr"^" 
tion b^cn the increase and decrease of the 

rhf* reduction signal is achieved by leeomg 
5 *e speed voltage ^evd^^d 

across the DC generator 50 to the ainer 
eSie circuit consisting of capaator 110 
3 StorUl. Alternatively, t is possible 
^'^S^tly effect the «iif<=rtai'°»S^,„^y 
10 ubstimting ib. reference whed f eed vok^ 
aae buflt up across the capacitor tor tne 
aoual wheel speed voltage. 

An alternative mode of ope^^^^^S^/, 
a modification of the oP^aaonal prmaples 
15 tiU now be given. In this mode of operation 
SrSence of events is Ae same as.^ the 
mode of operation until time t, 
w^ respect to Fig. 4. In this mode of opera- 
S ^e reference wheel decd«^«tion G is 
20 Sed into a lower preset ^^1^!,.^^/.^ 
nrnial wheel speed « becomes higher than 
r?al,I hereof at time t by more than Ae 
^redetermined amount V during the absence 
S^uction signal, whEe its mi^l 
25 v^e Gi is retained so long as the 

S of^crS^e of the acmal wheel speed 
value thereof at time t. do« n« 
exceed the predetermined speed gap V. In 
mamier the determination of ±e 
30 iSLence wheel deceleration is repeated.^ The 
SSS^^'d speed gap V.is approprmtdy 
selected by taking the positive slope of the 
brake torque BT into consideration. 
With this mode of operation tiie tire torque 
35 may be controlled in the prosnu^ o ^e 
yalie conesponding to the peak X of ^ 
l.S curve of Fig. 1, thus achievmg the am 
of dK^ti-skid system. In otiier ^ords the 
sUp factor S is controUed to the Pro^f °^ 
40 the value corresponding to the Pe^^.f °f *5 
«: nrnze of Fie 1 by determimng its magm- 
de^m Sf eic^t of its subsequent 

increase. . 
An example of the control circuit to reaLze 
45 Thic mode of operation is shown m fig- J- 
SsZdaiSentSiy the same as the " 
Fig. 3 except for a second 4>fferential 
amplifier 200. The second difierennal amph- 
KoO detects a voltage corresponding to 
50 l^re-said speed gap V relative to the ^ 
wheel soeed a as described earher m connec- 
Sf witi. Gr^ph A in Fig. 4. It has its mput 

Kcted to tile emitter of a ^f^^^^^f^ 
"bidi has its base conneaed tiiro^h_ a 
-^cmr 214 to one termmal of the 
S^tor 50 Tnd its colleccor connected to 
60 See terminal held at +B volts. The base 
- K Stor 202 is also comiected to^e 
aUToor of a transistor 213 havmg its base 
SSd Lough a resistor 215 to jhesoi^e 
Sal +B. "fte base of the transistor 213 



is also comiected to the coonecuon bctNvecn 65 
a capacitor 123 and a resistor 124. The 
Loadtor 123 and resistor 124 consumte a 
XrSating circuit to ^differentme the 
reduction signd output of the difierential 
amplifier 108. The transistor 213 is normaUy 
"oa", for current normally flows from the 
so4e termind +B through the » 
215 into its base. On tiie oth=t_ hand, the 
transistor 202 is normdly off . At /us 
S the capadtor 201 is not charged. Upon 75 

dSappeLnce of die reduction signal of 
Se differential amplifier 108, 
^tiating dicuit consisting of capacitor 123 
Sd resistor 124 produces a negative pulse 
?^ iSpr«sion on the base of tiie transistor 80 
2Y3 tt^t off the transistor 213, triggering 
die transistor .202. dius starting to ctog^^ 
caoadtor 201. The capaator 201 is chargol 
SCthe aoud whed speed voltage of 4e 
DC generator 50, and Aus, registers 4e 85 
acmal whed voltage at the mstant of the 
diMPpearance of the reduction signal. The 
S mput termind 2006 of the second 
Sentid amplifier 200 is applied with.an 
Z^ut of a voltage divider, whkh canprises 90 
tSrs 203, 204 and 205 and diodes 206 
I^d 207, anJi on whidi the output voltage, 
i.e., the acmd whed speed voltage, of 4e 
DC generator 50 is impressed. Comparing Ae 
voltage impressed ^Von input ttimn^ 95 
of thi second diffcrentid amphfier 200 at the 
Sstant of disappearance of the reduction 
^ and the voltage impressed upon 4e 
o&er termind 200& at that instant, the former 
rappLently higher than the latter, be<^use 100 
die Sut voltage on tiie input termind 2(W6 
k the sum of tiie termind voltage across the 
Sr 205 and tiie termind voltage across 
't^Sstor 204; which is the fonvml vo^^^ 

drop across tiie diodes 206 and 207 mmus 105 
the terminal vdtage across tiie resistor 203. 
Since tiie forward vdtage drop across the 
dSdL 206 and 207 in series « subst^n^y 
constant unless tiie output voltage of tiie 
DC Tenerator 50 becomes sufficiently low. 110 
the remind voltage across tiie resistor 203, 
U Vision of tiie forward voltage drop 
a^ss Se diodes 206 and 207, is smidarly 
Smt In otiier words, the mput voltage 
m tiie input termind 200& of tiie second 115 
differential amplifier 200 is normdly lower 
S?Se ouSS° voltage of tiie DC generator 
by a certdn constant amount This potenad 
dMerence is selected to a vdue correspondmg 

speed gap V rdative to die acmal 120 
whed speed shovra in Graph A m Fig. 4. The 
Sd diffcrentid amplifier 200 is adapted 
to produce a positive, output voltage if tiie 
iBpIt voltage on tiie input termmd 200« is 
lower tiian tiie input voltage on die input 1^5 
terminal 2006 and a negative output voltage 
in die converse case. The ouj)^ temund of 
the second differentid ampbfier 200 is con- 
nected to a differentiating circuit consistmg 
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of a capacitor 208 and a resistor 209. As 
soon as the negative output voltage of the 
second differential amplifier 200 becomes 
positive, a positive pulse is developed across 
5 the resistor 209 causing current to flow into 
the base of the transistor 116 to trigger the 
transistor 116. A diode 210 serves to cause 
the dischargpg of the capacitor 208 through 
a path leading through the amplifier 200 to 
\0 ground before the negative output voltage of 
the amplifier 200 becomes positive, so that 
the diffeiendal circuit will toction properly 
when the output voltage of the amplifier 200 
becomes positive, A transistor 211 serves to 
15 ensure the registering of the actual wheel 
speed voltage upon the disappearance of the 
reduction signal of Uk: first d^ercntial ampli- 
fier 108. It is triggered upon the appearance 
of the reduction signal by a signal from the 
20 differentiating circuit of capacitor 123 and 
resistor 124 to render the capacitor 201 com- 
pletely discharged and ready for the next 
registering of the actual wheel speed voltage. 
A transistor 212 serves to prevent the mal- 
25 functioning of the second differential ampli- 
fier 200. Widiout the transistor 212, the 
transistor 116 would be triggered upon the 
appearance of the reduction signal, because 
thereupon the uansistor 211 is triggered to 
30 discharge the capacitor 211, thus causing a 
positive signal to appear at the output ter- 
minal of the se(nnd differential amplifier 200 
to cause the differentiating circuit of capacitor 
208 and resistor 209 to produce a positive 
35 pulse signal so as to cause a base current to 
flow into the transistor 116. By the pro- 
vision of the transistor 212, the positive 
pulse output appearing from the second 
differential amplifler 200 at the time of 
40 appearance of the reduction signal is bypassed 
through the transistor 212, so that the tran- 
sistor 116 remains "off"'. Transistors 118, 
119 and 120 cooperate with the transistor 
116 to provide for switching action. Upon 
45 the triggering of the transistor 116 the tran- 
sistor 118 is cut off to impress the source 
voltage of B volts on the base of the tran- 
sistor 119, thus triggering the transistor 119 
to control the time constant accounting for 
50 the reference deceleration in similar maimer 
to that described in connection with the 
arrangement shown in Fig. 3. The output of 
the differentiating circuit of capacitor 123 
and resistor 124 is also impressed on the base 
55 of the transistors 211 and 212 to trigger the 
transistors 211 and 212 in the presence of 
the reduction signal. 

The operation of the construction des- 
cribed, above according to the invention will 
60 now be described with reference to Graphs 
A, B, C, D, E and F in Fig. 6. In the Figure, 
the -abscissa represents time ^ in all the 
graphs and the ordinate represents the same 
parameters as in Fig. 4 except for Graph D, 
65 in which the ordinate represents the output 



signal of the second differential amplifier 200 
to discriminate the speed gap V relative to 
the actual wheel speed a. The sequence of 
events is the same as that for the preceding 
embodiment described in connection vnth 70 
Fig. 4 until time ts, at which the reduction 
signal disappears. Upon the disappearance of 
the reduction signal, a negative pulse voltage 
appears on the non-ground side of the resistor 
124 of the differentiating circuit of resistor 75 
124 and capacitor 123. As a result, the ampli- 
fier 125 produces a positive output pulse for 
impression on the base of the transistor 126 
to trigger the transistor 126, thereby rapidly 
discharging the capacitor 121 through the 80 
coUector-eminer path of the transistor 126, 
Now if the slip factor S at time u is con- 
siderably higher with respect to the peak X 
of the jx-S curve of Fig. 1, the amount of 
increase of the actual wheel speed a, that is, 85 
the amount of increase of the actual wheel 
speed voltage during the period from time 
tfl until time t„ at which the actual wheel . 
speed becomes maximum, is large. In such 
case, it may happen that the input voltage on 90 
the input tenninal 2006 of the differential 
amplifier 200, which is lower than the actual 
wheel speed voltage by a predetermined value 
corresponding to the speed gap V relative to 
the actual wheel speed as shown in Graph A 95 
in Fig. 6, exceeds the input voltage on the 
other input terminal 20ba of the differential 
amplifier 200 at an instant as at time t^, 
whereupon the differential amplifier 200 pro- 
duces a positive signal to cause a positive 100 
pulse voltage to be applied across the resistor 
209 of the differentiating circuit of resistor 
209 and capacitor 208 as shov/n in Graph D 
in Fig. 6. This positive pulse voltage causes 
current to flow into die base of the transistor 105 
116 to trigger the transistor 116 and cut off 
the transistor 118, thtis triggering the tran- 
sistor 119 to cause the charging of the 
capacitor 121 as shown in Graph E in Fig. 
6. As a result the transistor 120 is triggered 110 
to cause the shifting of the reference wheel 
deceleration from the first preset value of 1.0 
G into the second preset value of 0.2 G as 
shown in Graph F in Fig. 6. The second 
reference deceleration of 0.2 G is re-shifted 115 
at a subsequent time ti„ at which the reduc- 
tion signal, having appeared at time t„ dis- 
appears as mentioned earlier. 

Subsequentiy, if the slip factor S at time 
^0 is low with respect to the peak X of the 120 
ft-S curve of Fig. 1, the amount of increase 
of the actual wheel speed voltage during the 
period from the time t,o until time ti„ at 
which the actual wheel speed turns to 
decrease, it small. In such case, the input 125 
voltage on the input terminal 2006 of the 
differential amplifier 200 will not exceed the 
input voltage on die other inpuut terminal 
200^4 so that the shifting of the reference 
wheel deceleration from ±e first preset value 130 
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of 1.0 G into ihc second preset value of 02 G 
is not caused. . differential 

Jofeer'?00°°to°ktyS the voltage 

'°^1\Xf. o/ iiTsS difiereatial ampli- 

differential ampUficr /uu an 

resistor . 124 produce a n^^^^^^^^^^^^^ 
topressioa on *^2or 213 Conoirrently, 



d,«.rf thrtmgh the tnmsiswt 2"..«f°'S« 

208 and resistor 209 to Pf°°" • J 75 

?i i c:n as to let the transistor 212 bypass tne 
IS Sage Vw during the afore-said 

vanous changes . r nneration 

circuit construcaon and mode ot 0P«a""" 
mav be made without departing from Ae 95 
^ invention as. defined by the 

Snded cldn^^r example, the invent °° 
S be applied to wheels equipped with ti.e 

^fuSi^g a liquid as the driving source. 

Sgr^su^^Ts '^'p^ure. but clecuo- 
^^^c force may be utiUzed as well 



tentoe to lock, and a brake torque regulat- 
in" mfans to dontrol a brake torque m res- 
SLftTsaTd brake torque xeducuon sig U5 
tarn said lock detection means, said lock 

'T^mTwheTSed'voltage generator 
for^ge^SSigti acm'al whed speed voltage 

nrnnortional to an artual wheel speed; i-i" 
^TSnce wheel speed voltage genm^r 
co^Icted in circuit with said af^^l wheel 

voltn<'e generator, for generaung a 
fJ^c;°&elWvo>ge,saidre^^^^^^^ 
I^mA «oeed voltage bemg one of voltages izo 
£dinTS mi voltagl lower than said 

whMl ^ed voltage by a predeter- 
S value a first reference decderauon 
Xt^d a second reference deceleration 
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voltage, and said reference whcd speed volt- 
age being switched from said initial voltage 
to said first reference deceleration voltage at 
the instant when the rate of decrease of said 
5 actual wheel speed exceeds a predetermined 
value 3 

a differential amplifier connected in drcutt 
with said actual wheel speed voltage generator 
and said reference wheel speed voltage 

10 generator^ for producing said brake torque 
reduction signal while said reference wheel 
speed voltage is higher than said actual wheel 
speed voltage; and 
means connected in circuit with said actual 

15 wheel speed voltage generator and said 
differential amplifier, for generating an out- 
put signal, said output signal functioning to 
maintain said first reference deceleration 
voltage when the brake torque reduction sig- 

20 nal from said differential amplifier has been 
terminated and also functioning to switch 
said first reference deceleration voltage to 
said second reference deceleration voltage 
according to the state of increase of said 

25 actual wheel speed voltage after the termina- 
tion of said brake torque reduction signal. 

2. An anti-skid braldng system according 
to claim 1 wherein said means connected in 
circuit comprises: 

30 an acceleration detecting circuit connected 
in circuit with said actual wheel speed volt- 
age generator and said differential amplifier, 
for generating a signal when said actual wheel 
speed voltage continues to increase during a 

35 predetermined interval after the termination 
of the brake torque reduction signal from said 
differential amplifier; 

a reduction signal detecting circuit con- 
ncaed in circuit with said differential ampli- 

40 fier, for generating a signal during a pre- 
determined interval after the termination of 
the brake torque reduction signal from said 
differential amplifier; 
a logic ciiaiit conneaed in drcuit with said 

45 acceleration detecting circuit and said reduc- 
tion signal detecting circuit, for producing a 
signal only when the signal from said 
acceleration detecting circuit and that from 



said reduction signal detecting circuit are 
supplied thereto at the same time; 50 

a reset circuit connected in circuit with 
said differential amplifier for producing a 
reset signal when rht brake torque reduction 
signal from said differential amplifier is ter- 
minated; and 55 

a Cttcuit connected in circuit with said 
logic circuit and said reset circuit, for generat- 
ing said output signal. 

3. An anti-skid braking system according to 
claim 1 wherein said means connected in 60 
circuit comprises: 

a reset circuit connected in circuit with said 
differential amplifier for prodiicing a signal 
when the brake torque reductio'n signal from 
said differential amplifier is terminated; 65 

a register circuit cotmeaed in circuit with 
said actual wheel speed voltage generator and 
said reset circuit, for producing a voltage 
e(pial to the actual wheel speed voltage from 
said actual wheel speed voltage generator at 70 
the instant of termination of said brake torque 
reduction signal; 

another differential amplifier circuit con- 
nected in circuit with said register and said 
actual wheel speed voltage generator, for 75 
producing a signal when the value of said 
actual wheel speed voltage is higher than that 
of the voltage from said register circuit by 
a predetermined value; and 

a circuit coimected in circuit with said 80 
another differential amplifier circuit and said 
reset circuit for generating said output signal 

4. An anti-skid braking circuit substantially 
as hereinbefore described with reference to 
Figures 1 to 4 of the accompanying draw- 85 
ings. 

5. An anu-skid braking circuit substan- 
tially as hereinbefore described with 
reference to Figures 1, 2 and 5 to 7 of the 
accompanying drawings. 90 

For the Applicants: 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 & 10 Staple Inn, 
London WClV 7RD. 
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Output of 2nd differ- + 
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FIG. 7D 
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Output of DIFFERENTIAL 
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